We study the ability of using pairs of AB system colours to break the well-known stellar age-metallicity degeneracy and give constrains on stellar ages and metallicities, via a widely used stellar population synthesis model. The relative age and metallicity sensitivities of AB system colours that are in u, B, g, V , r, R, i, I, z, J, H, and K bands are also presented. Our results suggest that a few pairs of colours can be used to constrain stellar ages and metallicities of galaxies, which is useful for exploring stellar populations of distant galaxies. According to our results, [(I − K), (u − R)] and [(I − K), (u − r)] are the best colour pairs for estimating stellar ages and metallicities. They can constrain stellar ages and metallicities with uncertainties smaller than about 25% for typical uncertainties in colours, e.g., 0.03 mag. Some other colour pairs, such as
INTRODUCTION
The formation and evolution of galaxies is one of the hottest topics in astronomy and astrophysics today. Although big progress in the field have had (see, e.g., Thomsen & Baum 1989 , Kormendy & Djorgovski 1989 , Kodama et al. 1998 , van Dokkum & Stanford 2003 , Kauffmann & Charlot 1998 , Baugh et al. 1996 , Baugh et al. 1998 , Cole et al. 2000 , De Lucia et al. 2006 , and Thomas 1999 , we have to study further. Therefore, it is valuable to get any further knowledge about galaxies. To understand the formation and evolution of galaxies, we need to analyze the stellar populations of galaxies. A lot of stellar population synthesis models such as Bruzual & Charlot (2003) (hereafter BC03), Worthey (1994) , Vazdekis (1999) , Fioc & Rocca-Volmerange (1997) , and Zhang et al. (2005) have been brought forward for the aim and a great deal of observational data have been supplied by surveys such as Sloan Digital Sky Survery (SDSS) and and Two-Micron All-Sky Survey (2MASS). However, it is difficult to measure stellar ages and metallicities of distant galaxies via spectra-like methods, which are usually used for measuring stellar ages and metallicities. The reason is that spectra or line-strength indices such as metal line and Balmer-line indices (see, e.g., Worthey 1994, Gallazzi et al.
⋆ E-mails: zhongmu.li@gmail.com; zhanwenhan@hotmail.com 2005, Li et al. 2006) are only available for nearby galaxies. Therefore, if we can use one of the most important results of observations, i.e., photometry, we will be able to study galaxies and their stellar populations in a bigger universe. As colours are easier to be obtained than spectra and are independent of distance of objects, they are good candidates for detecting stellar populations of distant galaxies. Many works have been tried in this way, e.g., Dorman et al. (2003) , Yi (2003) , Wu et al. (2005) , James et al. (2006) , Li et al. (2007a) ; Li & Han (2007b) , and Kaviraj et al. (2006) . It seems possible to break the stellar age-metallicity degeneracy by colours. Many pairs of colours (hereafter colour pairs) are used in previous works, e.g., (U − R) and (R − K) by Peletier & Balcells (1996) , (B − R) and (R − K) by Bell & de Jong (2000) , (V − I) and (V − K) by Puzia et al. (2002) , (B −K) and (J −K) by James et al. (2006) , (B −V ) and (B − K) by Li et al. (2007a) , (B − V ) and (V − K) by Lee et al. (2006) , and most colours used are only in U BV RIJHK bands of Johnson-Cousins-Glass system. As advocated by, e.g., Kong et al. (2006) , colours relating to both U BV RIJHK and ugriz bands, i.e., (B − z) and (z − Ks), can be used to select galaxies with various redshifts. Similar colours can possibly be used to break the stellar age-metallicity degeneracy. We intend to give some investigations in the work, using the BC03 stellar population synthesis model. The paper is organized as follows. In Sect. 2, we briefly introduce the BC03 model and the calculation of colours. In Sect. 3, we present the age and metallicity sensitivities of colours. In Sect. 4, we try to search for some colour pairs that can be used to constrain stellar ages and metallicities. In Sect. 5, we give our discussions and conclusions. 
THE BC03 MODEL AND CALCULATION OF COLOURS

AGE AND METALLICITY SENSITIVITIES OF COLOURS
We study the age and metallicity sensitivities by a relative metallcity sensitivity (rms) technique, which was used by Worthey (1994) and Li et al. (2007a) , and find age-and metallicity-sensitive colours based on the rmss of colours. The rms method estimates the rms of each colour by the ratio of percentage change of age to that of metallicity when they lead to the same change in a colour respectively. Colours with large rmss (>1.0) are more sensitive to metallicity and those with small rmss (<1.0) to stellar age. We use the same method as in Li et al. (2007a) in the work. We calculated the rmss of 66 AB system colours. The detailed data are listed in Table 1 . As we see,
, and (g − J) are more sensitive to stellar metallicity
), (u−r), and (g −H) to stellar age. We select them as age-or metallicity-sensitive colours in the work.
COLOUR PAIRS FOR BREAKING AGE-METALLICITY DEGENERACY
Using the 10 metallicity-sensitive colours and the 10 agesensitive colours presented in the last paragraph of Sect. 3, we buildup 100 colour pairs. Each colour pair includes a metallicity-sensitive colour and an age-sensitive colour. Using the colour pairs one by one, we fit the stellar ages and metallicities of 500 stellar populations, whose ages and metallicities are randomly generated within the ranges of 0.1-15 Gyr and 0.0001-0.05, respectively. The averages of uncertainties in age and metallicity, ∆t and ∆Z, are calculated, when taking some assumed uncertainties (0.01, 
0.02 0.03, and 0.05 mag) for input colours. Then we investigate the ability of each colour pair for breaking the well-known stellar age-metallicity degeneracy by comparing the ∆t and ∆Z. The uncertainties are calculated by a method brought forward by Denicoló et al. (2005) and used by Li et al. (2006) . One can refer to Li et al. (2006) for the fitting method and the calculation of uncertainties.
The main results are listed in Table 2 . Because colour pairs that can well break the stellar agemetallicity degeneracy lead to small uncertainties in stellar age and metallicity, pairs with smaller uncertainties are better for constraining stellar ages and metallicities than others. However, as we see, some colour pairs have only small ∆t or small ∆Z. In this case, it is difficult to find colour pairs that are good for estimating stellar parameters. We defined a parameter, uncertainty parameter (U P ), for help. The U P is calculated by taking the average of the relative uncertainties of stellar ages and metallicities of the 500 testing stellar populations. The U P s of colours are also shown in Table 2 , together with ∆ts and ∆Zs. Note that we only list the results of colour pairs that have U P s smaller than about 50%, giving consideration to actual applications. In the table, colours are sorted by a increasing order of U P . According to the calculation of U P , colour pairs with small U P s are more suitable for breaking the stellar age and metallcity. As we see, [(I − K), (u − R)] and [(I − K), (u − r)] are the best colour pairs for breaking the stellar age-metallicity degeneracy. When taking a 0.02 mag uncertainty in colours, the two colour pairs can constrain stellar ages and metallicities with relative uncertainties smaller than about 16%, which corresponds to uncertainties in stellar age and metallicity smaller than about 0.40 Gyr and 0.0038, respectively. Even if we take a 0.05 mag uncertainty in colours, the average of relative uncertainties of two stellar parameters is smaller than 35%, as we see. Some other colour pairs, i.e., Figure 1 . colour-colour grid of four colour pairs that are suitable for constraining stellar age and metallicity. colours are in AB system. Solid and dashed lines represent constant age and metallicity, respectively. The figure shows for
can possibly be used to give some constrains in stellar ages and metallicities of galaxies as they have U P s smaller than 20% when taking uncertainties of 0.02 mag in colours. In addition, we see that two colour pairs used previous, i.e., [(B − V ), (B − K)] and [(B − V ), (V − K)], have U P s of 0.37 and 0.27, respectively. They are not as good as pairs such as [(I − K), (u − R)] and [(I − K), (u − r)] for determining stellar ages and metallicities. As a whole, colour pairs relating to both U BV RIIHJK bands and ugriz bands are better than those only relating to one of the two kinds bands. To see the results more clearly, we show the colour-colour grids of a few colour pairs in Figs. 1, 2, and 3 and plot 500 testing stellar populations generated randomly ( 0.5 Gyr) in (I − K)-(u − R) grid in Fig. 4 . One can refer to Li & Han (2007b) for a detailed comparison of stellar ages and metallicities determined by a colour pair with those determined by line strength indices.
In application to these colour pairs, we can also use Johnson-Cousins-Glass system colours together with AB system colours, as colours on the two systems have similar properties for measuring stellar ages and metallicities.
DISCUSSIONS AND CONCLUSIONS
We investigated the relative metallicity sensitivities of AB system colours relating to u, B, g, V , r, R, i, I, z, J, H, and K bands in the first place. Then we studied the abilities of different colour pairs for constraining stellar ages and metallicities. The results showed that [(I − K), (u − R)] and [(I − K), (u − r)] are the best colour pairs for breaking the stellar age-metallicity degeneracy while colour pairs such as (∆t 0.41 Gyr, ∆Z 0.0038 for 0.02 mag uncertainties in colours). In addition, our results suggest that it is better to use colours relating to both U BV RIJHK and ugriz bands than to use those relating to either U BV RIJHK bands or ugriz bands for estimating stellar ages and metallicities. According to the results, we can possibly estimate the stellar populations of some distant galaxies, via photometry data supplied by, e.g., SDSS and 2MASS. The possible uncertainties of using various colour pairs can be estimate, too. Furthermore, we can perhaps find more clues to study the formation and evolution of galaxies. Our results can also help us to choose suitable bands for observations.
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